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ABSTRACT

Galaxy internal structure growth has long been accused of inhibiting star formation in disc galaxies. We investigate

the potential physical connection between the growth of dispersion-supported stellar structures (e.g. classical bulges)
and the position of galaxies on the star-forming main sequence at z ∼ 0. Combining the might of the SAMI and

MaNGA galaxy surveys, we measure the λRe spin parameter for 3289 galaxies over 9.5 < logM?[M�] < 12. At

all stellar masses, galaxies at the locus of the main sequence possess λRe values indicative of intrinsically flattened

discs. However, above logM?[M�] ∼ 10.5 where the main sequence starts bending, we find tantalising evidence for

an increase in the number of galaxies with dispersion-supported structures, perhaps suggesting a connection between

bulges and the bending of the main sequence. Moving above the main sequence, we see no evidence of any change

in the typical spin parameter in galaxies once gravitationally-interacting systems are excluded from the sample.
Similarly, up to 1 dex below the main sequence, λRe remains roughly constant and only at very high stellar masses

(logM?[M�] > 11), do we see a rapid decrease in λRe once galaxies decline in star formation activity. If this trend
is confirmed, it would be indicative of different quenching mechanisms acting on high- and low-mass galaxies. The

results suggest that while a population of galaxies possessing some dispersion-supported structure is already present

on the star-forming main sequence, further growth would be required after the galaxy has quenched to match the

kinematic properties observed in passive galaxies at z ∼ 0.

Key words: galaxies: evolution – galaxies: general – galaxies: bulges – galaxies: kinematics and dynamics

1 INTRODUCTION

Galaxy physical appearance (or morphology) and star for-
mation rate (SFR) are two of the most common properties
used to classify galaxies. There is some linkage between the
two such that frequently, we see that passive galaxies possess
large galactic bulges, whereas star-forming galaxies are more
discy in appearance (e.g. Strateva et al. 2001; Driver et al.
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2006; Bamford et al. 2009; Bluck et al. 2014; Morselli et al.
2017). Quantifying whether these trends are causal or coinci-
dental is required before we can fully understand what makes
a galaxy stop forming stars.

There is also a very strong correlation between a galaxy’s
SFR and its stellar mass, M?. This correlation means that
star-forming galaxies are confined to a narrow sequence (with
scatter of order ∼ 0.3 dex, see Speagle et al. 2014, and ref-
erences within) on the log(SFR) vs. log(M?) plane, dubbed
the star-forming main sequence (SFMS; Noeske et al. 2007).
This fundamental scaling relation covers several dex in stel-
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2 A. Fraser-McKelvie et al.

lar mass and describes a (mostly) linear increase in log(SFR)
with log(M?). This relation was in place early (Schreiber et al.
2015; Leslie et al. 2020), and while the sequence is tight, the
physics of what drives the scatter in the SFMS (especially at
high stellar masses) is of great interest.

Many recent works find that the SFMS relation is not lin-
ear across the entire range of stellar masses mapped by extra-
galactic surveys. Instead, it bends such that high-mass galax-
ies (logM?(M�) & 10.5 at z = 0) possess lower SFRs than
projected for their mass based on an extrapolation of the re-
lation for lower-mass galaxies (e.g. Noeske et al. 2007; Bauer
et al. 2013; Whitaker et al. 2014, 2015; Schreiber et al. 2015;
Tomczak et al. 2016; Leslie et al. 2020). The reason for this
decrease in SFR at high stellar masses is unknown, but at
low redshifts is thought to be due to a combination of the
effects of stellar mass, morphology, and environment (Erfani-
anfar et al. 2016). Indeed, various works have studied the link
between main sequence bending and secular processes such
as gas depletion due to environmental effects (e.g. Gavazzi
et al. 2015), AGN feedback (e.g. Mancuso et al. 2016; Bren-
nan et al. 2017), halo quenching (e.g. Popesso et al. 2019), or
disc rejuvenation (e.g. Mancini et al. 2019).

The growth of a component that increases the stellar mass
of a galaxy but not its SFR could also cause the observed de-
crease in galaxy specific SFR (sSFR) at high stellar masses.
For this reason, bulges have also been proposed as a morpho-
logical driver of SFMS bending (Wuyts et al. 2011; Abramson
et al. 2014; Lang et al. 2014; Whitaker et al. 2015; Erfanianfar
et al. 2016). The growth of a dispersion-dominated bulge has
also been linked to the cessation of star formation in a galaxy
via a morphological quenching pathway (Martig et al. 2009).
In this manner, a disc may be stabilized against further frag-
mentation through the growth of a central mass concentra-
tion. However, this paradigm does not explain observations of
bulge-dominated galaxies residing in the highly star-forming
region of the SFR vs. M? diagram (e.g. Wuyts et al. 2011;
Morselli et al. 2017; Popesso et al. 2019).

Bulges can form and grow via multiple pathways, including
mergers (e.g. Hopkins et al. 2010), or in a secular manner (e.g.
Pfenniger & Norman 1990). Stellar bars are known to play
an important role in bulge formation by driving gas into the
central regions of galaxies (e.g. Quillen et al. 1995), resulting
in starbursts (e.g. Spinoso et al. 2017), and contributing to
central mass concentration growth (e.g. Wang et al. 2012).
Given bars are disc phenomena, we expect the bulges formed
by their influence to be rotation-supported by nature (e.g.
Bittner et al. 2020).

But just how can a bulge grow in an actively star-forming
galaxy without also quenching the galaxy? ‘Compaction’ de-
scribes the growth of a bulge through the movement of galax-
ies around the main sequence plane through both internal and
external processes (e.g. Zolotov et al. 2015; Tacchella et al.
2016). Star-forming galaxies may propagate upwards to be
above the SFMS line when an episode of gas infall is trig-
gered (be that by mergers, counter-rotating streams, or vio-
lent disc instabilities). During this episode, gas is funnelled
to the central regions of a galaxy, where it is used up in a
burst of star formation (e.g. Ellison et al. 2018), fuelling the
growth of central regions to a saturation point. After this
starburst ceases, a galaxy will drop down onto the SFMS (or
below) as the gas-depleted galaxy waits to become replen-
ished again. The complex interplay between depletion and

replenishment times determines the position of a galaxy on
the SFR vs. M? diagram today. In this manner, a galaxy will
build up its bulge (and become more compact) through suc-
cessive compaction events, whilst remaining on the SFMS.
Importantly, the process of compaction sets no constraints
on bulge kinematics.

One of the results of compaction should be a population of
bulge-dominated galaxies that lie above the SFMS. (Morselli
et al. 2017; Popesso et al. 2019). Some studies however, do
not find this, (e.g. Cook et al. 2020), and rather attribute the
bulge-dominated starbursting galaxies to poor bulge-disc de-
compositions, often complicated by mergers and interactions.
These same works that suggest bulge growth as the cause of
SFMS bending also report that this process is not sufficient
to produce the amount of bending seen at high stellar masses
(Popesso et al. 2019). Indeed, main sequence bending has also
been seen in populations of visually classified pure disc galax-
ies (Guo et al. 2015). These studies suggest that a decrease
in the SF activity of the disc is also required, and various en-
vironmental mechanisms including virial shock heating (e.g.
Birnboim & Dekel 2003; Kereš et al. 2005) or gravitational
infall heating (e.g. Dekel & Birnboim 2008; Khochfar & Os-
triker 2008) have been proposed to provide this additional
star formation quenching.

Whatever the cause of the SFMS bending, we do know
that the scatter in the SFMS likely reflects a real diversity
in star formation histories (Abramson et al. 2014; Matthee
& Schaye 2019). Extending on this idea, we might also ex-
pect a variety of stellar kinematics, indicative of a variety of
galaxy formation pathways. Previous work has shown a link
between Hubble type and the spin parameter λRe (Cortese
et al. 2016; Falcón-Barroso et al. 2019; Wang et al. 2020),
V/σ (van de Sande et al. 2018), and specific angular momen-
tum (Cortese et al. 2016), such that later-type spiral galaxies
are more rotationally-supported than earlier-type spirals and
S0s. Wang et al. (2020) extended on this idea by examining
the link between galaxy visual morphology and position on
the SFMS. A picture emerged in which galaxies lying on the
SFMS were predominantly spirals with small bulges, while
below the SFMS, galaxy kinematics depended on stellar mass
(though it should be noted that our own Milky Way violates
this picture with a small bulge, but low SFR for its stel-
lar mass e.g. Licquia & Newman 2015). Wang et al. (2020)
reported a strong mass dependence below the SFMS such
that low-mass galaxies were ‘fast rotator’ early-type galax-
ies, while high-mass (M? > 2× 1011 M�) galaxies were ‘slow
rotator’ spheroids.

A dichotomy at z = 0 between star-forming, disc-
dominated galaxies and passive, bulge-dominated galaxies is
apparent. What is unclear however, is the order of these pro-
cesses. Can a bulge form in a star-forming galaxy (and does
it have a role in the quenching of star formation), or is bulge
build-up the realm of passive galaxies?

In this paper, we investigate kinematic trends across the
SFMS with IFS data, comparing galaxy spin parameters
both on and off the SFMS. For this sort of analysis, we
will benefit from the number statistics that the two largest
IFS surveys to date can provide, and so we combine data
from both the Sydney-AAO Multi-object Integral field spec-
trograph (SAMI; Croom et al. 2012) galaxy survey and the
Mapping Nearby Objects at APO (MaNGA; Bundy et al.
2015) galaxy survey. Given that the target selection of these
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two surveys differ, we are able to probe more of the galaxy pa-
rameter space, and compare whether or not trends seen in one
data set persist between the two. To enable the best compar-
ison possible, we measure kinematic properties between the
two surveys using a homogeneous set of structural parame-
ters, SFR measurements and stellar mass indicators.

This paper is organised as follows: in Section 2 we describe
the SAMI and MaNGA IFS surveys, along with the homo-
geneous structural parameters used to calculate kinematic
measurements. We also describe the IFS sample, kinematic
measurement and corrections, along with the definition of the
main sequence line used. In Section 3 we present the results,
and in Section 4 we discuss the implications of our findings.
Throughout this paper we employ a ΛCDM cosmology, with
Ωm = 0.3, Ωλ = 0.7, H0 = 70 km s−1 Mpc−1 and a Chabrier
(2003) IMF.

2 DATA AND METHODS

2.1 The SAMI galaxy survey

The SAMI galaxy survey is an IFS survey on the Anglo-
Australian Telescope (AAO) that observed 3068 galaxies
from 2013–2018 (Croom et al. 2012). SAMI uses 13 fused
fibre hexabundles (Bland-Hawthorn et al. 2011; Bryant et al.
2014) with a high (75%) fill factor. Each bundle contains 61
fibres of 1.6′′ diameter resulting in each integral field unit
(IFU) having a diameter of 15′′. The IFUs, as well as 26 sky
fibres, are plugged into pre-drilled plates using magnetic con-
nectors. SAMI fibres are fed to the double-beam AAOmega
spectrograph (Sharp et al. 2015), which allows a range of dif-
ferent resolutions and wavelength ranges. The SAMI Galaxy
survey employs the 570V grating at 3750–5750 Å giving a
resolution of R=1810 (σ = 70.4 km s−1) at 4800 Å, and
the 1000R grating from 6300–7400 Å giving a resolution of
R=4260 (σ = 29.6 km s−1) at 6850 Å (Scott et al. 2018).
83% of galaxies in the SAMI target catalogue have coverage
out to 1Re (Bryant et al. 2015).
The SAMI survey is comprised of a sample drawn from the

GAMA equatorial regions (Bryant et al. 2015), and an addi-
tional sample of eight clusters (Owers et al. 2017). SAMI Data
Release 3 (DR3; Croom et al. 2021) contains observations of
3068 galaxies and is the final data release of the SAMI survey.
SAMI DR3 includes observations spanning 0.04 < z < 0.128
and 7.42 < logM?[M�] < 11.89 (corresponding to an r-band
magnitude range of 18.4 < mr < 12.1), with environments
ranging from underdense field regions to extremely overdense
clusters.

SAMI DR3 galaxy cubes are provided for use, along with an
array of maps data products. All data products have spaxel
size of 0.5′′ spaxel−1, and the average seeing FWHM is ∼ 2′′.
Here, we employ the two-moment Gaussian line of sight ve-
locity distribution (LOSVD) stellar kinematic maps (van de
Sande et al. 2017b), including rotational velocity, and veloc-
ity dispersion (σ) maps. We use the adaptively binned maps,
in which spaxels are binned to a signal-to-noise (S/N) of 10
using the Voronoi binning code of Cappellari & Copin (2003).
The S/N is calculated from the flux and variance spectra of
each spaxel as the median across the entire blue wavelength
range (Scott et al. 2018), and spaxels with S/N >10 are not
binned.

2.2 The MaNGA galaxy survey

The MaNGA Galaxy Survey is an IFS survey that ob-
served >10,000 galaxies from 2014–2020 (Bundy et al. 2015;
Drory et al. 2015). It is an SDSS-IV project (Blanton et al.
2017), employing the 2.5m telescope at Apache Point Ob-
servatory (Gunn et al. 2006) and BOSS spectrographs (Smee
et al. 2013), which have continuous wavelength coverage from
3600–10300 Å at R∼ 2700 (σ ∼ 70 km s−1). MaNGA’s tar-
get galaxies were chosen to include a wide range of galaxy
masses and colours, over the redshift range 0.01 < z < 0.15.
The Primary+ sample (Yan et al. 2016a; Wake et al. 2017)
contains galaxies with spatial coverage out to ∼ 1.5Re for
∼ 66% of the total sample, and the remainder (dubbed the
Secondary sample) are observed out to ∼ 2.5Re, generally at
higher redshifts than the Primary+ sample. SDSS-IV data
release 15 (DR15; Aguado et al. 2019) contains 4621 unique
galaxies, selected in the range 7.9 < logM?[M�] < 12.1, (cor-
responding to 18.1 < mr < 11.6), and a range of field envi-
ronments, observed and reduced by the MaNGA Data Reduc-
tion Pipeline (Law et al. 2015). Derived properties are pro-
duced by the MaNGA Data Analysis Pipeline (DAP; Westfall
et al. 2019), provided as a single data cube per galaxy (Yan
et al. 2016b). MaNGA’s spaxel size matches that of SAMI, at
0.5′′ spaxel−1, and the average seeing conditions throughout
the survey were such that the r-band PSF FWHM is ∼ 2.5′′.

We employ the two-moment LOSVD stellar velocity and
dispersion maps using the Voronoi binning scheme to ensure
each bin reaches a target S/N of 10. We also apply the ve-
locity dispersion correction provided to account for MaNGA
instrumental dispersion (see Westfall et al. 2019).

2.3 Star formation rates and stellar masses

In this analysis we wish to compare trends in the spin pa-
rameter λRe with current star formation activity in galax-
ies. Given there may be observational biases that are un-
accounted for between the two surveys, we report trends in
SAMI and MaNGA data separately. However, to determine
a robust star-forming main sequence line, we wish to be able
to place the two surveys on a homogeneous SFR-M? plane.

For this reason, we match both SAMI DR3 and MaNGA
DR15 to the GALEX -Sloan-WISE legacy catalogue 2
(GSWLC-2; Salim et al. 2016, 2018) using a sky match with
maximum separation of 2′′. GSWLC-2 provides UV–optical–
mid-infrared (IR) SED-derived stellar masses and SFRs for
659,229 galaxies within the SDSS footprint and z < 0.3, with
photometry provided by GALEX, SDSS, and the Wide-Field
Survey Explorer (WISE). We utilise the GSWLC-X2 cat-
alogue, which uses the deepest GALEX photometry avail-
able (selected from the shallow ‘all-sky’, medium-deep, and
deep catalogues) for a source in the SED fit. SED fitting
was performed using the Code Investigating GALaxy Emis-
sion (CIGALE; Noll et al. 2009; Boquien et al. 2019), which
constrains SED fits with IR luminosity, which they term
SED+LIR fitting.

3901 MaNGA galaxies have matches to the GSWLC-2, and
1832 SAMI galaxies. Unfortunately many of the galaxies lost
belong to the SAMI cluster sample, though we note that four
clusters have GSWLC-2 coverage.
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ulation of starburst galaxies with systematically higher B/T
in the local Universe.

A caveat to this work is the spatial resolution of the IFS
observations; it is possible that these galaxies on and above
the main sequence do not have bulges large enough to be seen
in the stellar kinematics. The PSF of SAMI and MaNGA
are ∼ 2′′ and ∼ 2.5′′ respectively, which both correspond
to 2.0 kpc at the median redshifts of the kinematic samples
used in this work of z = 0.05 and z = 0.04. Dispersion-
dominated bulges significantly smaller than 2 kpc may be
washed out through beam-smearing effects. While this should
not be a problem for higher-mass galaxies, classical bulges
located in lower-mass galaxies can indeed possess sub-kpc
bulge effective radii (Gadotti 2009).
These results can be linked to the structural growth and

morphological transformation within galaxies in the context
of star formation. Given that we see no growth of dispersion-
supported structure on the SFMS, and yet passive galaxies
host such structures (especially at high stellar masses), we
may say something about the link between galaxy quenching
and morphological transformation via dispersion-dominated
bulge growth. Our results are consistent with two scenar-
ios: the first where initial quenching must take place before

morphological transformation, and the second where if these
two processes are concurrent, then the timescales differ such
that morphological transformation occurs more slowly than
quenching (or at least the galaxy moving off the main se-
quence; e.g. Cortese et al. 2019). We are not in a position
to say which scenario is occurring, but Croom et al. (MN-

RAS, submitted) takes a different approach in attempting to
explain the formation of S0 galaxies via a combination of
photometric concentration measures and kinematic disper-
sion parameterisation. In this manner, they find that S0 for-
mation can be explained via a simple disk fading model taking
into account progenitor bias. These results may provide clues
about bulge growth in the wider galaxy population.

4.3 Classical bulge growth below the main
sequence?

Figures 6 and 7 show a steepening of the λRe–∆ MS relation
with increasing stellar mass below the SFMS. The reason be-
hind this steepening is unclear: while it seems to be revealing
an increase in dispersion-supported structure dominance, it
could also be the result of an upwards scatter in SFRs due
to the inherent unreliability of SFR indicators at low sSFRs.

Separating star-forming and passive galaxies becomes in-
creasingly difficult at higher stellar masses. As can be seen
from Figure 1, the clear bi-modality of star-forming and pas-
sive populations seen between 10.5 < logM?[M�] < 11.0
diminishes at higher stellar masses. Coupled with a bending
of the SFMS towards lower SFRs, it becomes difficult to de-
termine where the main sequence is sampling star-forming
galaxies, and where the green valley begins. Indeed, works
that define a SFMS through Gaussian mixture modelling
have increasing difficulty fitting two Gaussians (one for the
star-forming population and one for the passive population)
at high stellar masses (e.g. Popesso et al. 2019). Whether this
blending of populations in the SFR plane is physical or the
result of unreliable SFR indicators at low sSFR is unknown. If
the latter, then we might expect some passive galaxies to ar-
tificially inhabit the lower portion of main sequence regions.

This effect would be strongest at high stellar masses for a
curved main sequence, as it is in these regions that the main
sequence line deviates to lower sSFRs. The observed steep-
ening of the λRe–∆ MS relation may be explained by a por-
tion of passive galaxies (with dominant dispersion-supported
structure) contaminating the λRe measures below the SFMS.
Indeed, the steepening of the λRe–∆ MS relation with mass
practically disappears if we use a linear fit to the main se-
quence.

If the observed steepening of the λRe–∆ MS slope is real,
then this would suggest that the mechanisms acting on high-
and low-mass galaxies as they become more passive are differ-
ent: one produces passive galaxies with similar disc structure
as when they were on the main sequence, while the other
must dramatically alter the kinematics of a galaxy. The obvi-
ous mechanism that will destroy or thicken a disk is mergers.
Interestingly, the vast majority of slow rotator galaxies pos-
sess high stellar masses (e.g. Emsellem et al. 2007; van de
Sande et al. 2017a; Graham et al. 2018; van de Sande et al.
2020; Wang et al. 2020). It is tempting to speculate that the
reason for the λRe steepening in high-mass galaxies only may
be that either the mergers required to create them only oc-
cur in high-mass galaxies, or perhaps the processes of mass
build up as the result of mergers differ with stellar mass (e.g.
Robotham et al. 2014). Both of these processes must begin
while the galaxy is still on the SFMS.

One subject that this work does not touch on is the effect
of environment on the degree of dispersion support within
galaxies as a function of their sSFR. Hence, an exciting av-
enue for follow-up work on this topic is through exploring
trends with centrals vs. satellite galaxies.

4.4 The cause of main sequence bending

Many works propose the growth of bulges as the driver of
main-sequence bending (e.g. Abramson et al. 2014; Popesso
et al. 2019). Already we see a hint in Figure 7 that the
highest-mass galaxies (the regime in which we expect the
greatest deviation from a linear main sequence) are more
dispersion-dominated. We are in a unique position to test this
theory from a kinematic standpoint by examining whether we
see any differences in the ∆ MS values of high- and low-λRe

galaxies.
We split the combined SAMI and MaNGA sample be-

tween −0.8 < ∆ MS < 0.8 into low (λRe < 0.6) and high
(λRe > 0.6) λRe sub-samples. We note here that the low λRe

sample does not consist solely of dispersion-dominated sys-
tems, rather they are simply more dispersion-supported than
the high λRe systems. There are also trends present with
stellar mass such that higher-mass galaxies are more likely
to possess greater dispersion support. This means that there
will be a greater number of high-mass galaxies in the low-λRe

sample, and lower-mass galaxies in the high-λRe sample. In
Figure 8, we plot the distribution of ∆ MS for low λRe (red
line) and high λRe (blue line) galaxies as a function of dis-
tance from the curved SFMS line defined in Equation 3. As
a comparison, we plot the distribution of the overall sample
in grey. The locus of the SFMS is shown by a black dashed
line.

At low stellar masses we see that the ∆ MS distribution
is very similar for all values of λRe, though the low-λRe sys-
tems begin to deviate above logM?[M�] = 10, and at high
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masses are preferentially located below the SFMS line. Sim-
ilarly, above logM?[M�] = 11, the high-λRe systems begin
to deviate above the overall ∆ MS distribution. At high-
mass, systems with greater dispersion dominance preferen-
tially populate regions below the SFMS line (however it is
defined), whilst rotation-dominated systems sit above. We
interpret these trends as evidence that the ‘bending’ region
of the SFMS is populated by galaxies of greater dispersion
support – high-mass galaxies with greater dispersion sup-
port are more likely to possess lower SFRs than their more
rotationally-dominated counterparts.

Our findings suggest that dispersion-dominated bulges are
already present in massive galaxies on the main sequence.
This is not surprising, given that the existence of visually
classified early-type (i.e. possessing a prominent bulge com-
ponent) star-forming spirals has been known since the estab-
lishment of the Hubble morphological sequence. That said,
the growth of a dispersion dominated bulge is not the only
possible cause of a decrease in λRe: disc thickening will also
decrease λRe. When our results are coupled with photometric
work highlighting the redistribution of stars towards central
regions below the main sequence however (e.g. Morselli et al.
2017; Popesso et al. 2019), they are sufficient to expect that
at least some of the λRe decrease is due to bulge growth.
It is very tempting to push the interpretation of our results

further and wonder if they provide direct evidence of a phys-
ical link between lower SFRs and the growth of dispersion-
dominated structure in high-mass galaxies. The morpholog-
ical quenching argument of Martig et al. (2009) suffices in
explaining the lower SFRs seen in high-mass galaxies with
greater dispersion support. These galaxies possess lower SFRs
because their bulges are large enough that they have begun
to stabilise galaxy discs against further star formation. A
similar explanation was put forward by both Whitaker et al.
(2015) and Erfanianfar et al. (2016) to explain the morphol-
ogy dependence on the scatter in the main sequence, and a
flatter main sequence for galaxies with high Sérsic index re-
spectively. It is also possible that the lower sSFR is due to
the growth of a non-star-forming component that adds to the
stellar mass of a galaxy without increasing its SFR. In this
case, the growth of a bulge and the cessation of star forma-
tion do not need to be linked. Whatever the cause, we are left
with an intriguing hint of the role of morphology in regulat-
ing a galaxy’s star formation. We can certainly conclude that
the bending of the SFMS at high stellar masses is coincident
with a population of galaxies that possess classical bulges.

5 SUMMARY & CONCLUSIONS

We search for evidence of kinematic transformation in galax-
ies on the SFMS by examining the link between galaxy SFR
and stellar kinematics from IFS observations. Combining the
might of the SAMI and MaNGA IFS galaxy surveys, we cal-
culate the spin parameter, λRe, in a homogenised manner for
3289 galaxies. Our main results are:

(i) Galaxies on the SFMS possess λRe values indica-
tive of intrinsically flattened discs. There is a small mass
trend such that higher-mass galaxies appear to have higher
λRe values than lower-mass galaxies, which we expect is due
to the peak of low-mass galaxy velocity fields being more
likely to occur outside the 1Re aperture used in this work.

For the highest stellar mass bin (logM?[M�] > 11.5), we
see a population of galaxies on the SFMS that possess a
small dispersion-dominated bulge component (and possibly
some contribution from a thickened disc).

(ii) No decrease in λRe above the SFMS. Once
interacting galaxies are removed, λRe measurements up
to +0.8 dex above the SFMS are consistent with those
on the SFMS for the majority of galaxies (though we see
marginal evidence that this may not hold true for the
lowest-mass galaxies of 9.5 < logM?[M�] < 10), from which
we conclude that there is no growth of dispersion-dominated
galaxy components while a galaxy is in a starburst phase. If
compaction is occurring in highly star-forming galaxies, it
cannot be contributing to classical bulge growth.

(iii) A decrease in λRe below the SFMS for high-
mass (logM?[M�] > 11) galaxies. One possibility for the
decrease in median λRe below the SFMS may be that the
SFR indicator is unreliable at low sSFRs, scattering some
green valley galaxies to higher SFRs than they should be.
If the trend is real however, then quenching mechanisms
must differ between high- and low-mass galaxies: low-mass
galaxies are quenching without structure growth, while some
mechanism is acting to both quench a galaxy and dramati-
cally adjust the stellar kinematics at logM?[M�] > 11. The
likely culprit is gravitational interactions.

(iv) Evidence for a tantalising phenomenological
connection between the bending of the SFMS and
an increase in galaxy dispersion support. Lower λRe

galaxies are preferentially located on or below the SFMS line
for logM?[M�] > 10.5. More rotationally-supported systems
(λRe > 0.6) better follow a linear SFMS line. The bending
of the SFMS is primarily due to the fact that lower λRe

galaxies start dominating the galaxy budget of the SFMS at
high stellar masses, which we speculate is evidence for the
growth of classical bulges.

Our results indicate that bulge growth is occurring in high-
mass galaxies on and just below the SFMS to some degree.
In addition, we see evidence that the growth of a dispersion-
dominated bulge is linked to the bending of the SFMS at
high stellar masses. While extremely promising, we note that
further investigation is still required to precisely identify the
link between the SFMS bending and an increase in dynamical
pressure support. Despite our observations, bulge growth is
minor for the majority of galaxies on the SFMS. Given that
most extremely massive passive galaxies are slow rotators, we
find that extra bulge growth is still required once a galaxy
has quenched to produce the red and dead S0s observed in
the local Universe today.
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DATA AVAILABILITY

The SAMI data presented in this paper are available
from Astronomical Optics’ Data Central service at:
https://datacentral.org.au/. The MaNGA data are available
at: https://www.sdss.org/dr15/manga/manga-data/data-
access/.

APPENDIX A: LINEAR MAIN SEQUENCE

We present median λRe in bins of stellar mass as a function
of ∆ MS using the linear definition of the SFMS line from
Equation 4. Figure A1 shows the SAMI results, and A2 are
the MaNGA results.

It is worth noting that the increase of λRe with stellar
mass at the locus of the main sequence described in Section 3
remains even if ∆ MS is measured from the linear fit to the
SFMS. The only difference is the change in behaviour at the
highest stellar mass bins, simply because we no longer have
galaxies at these stellar masses on the SFMS.

Interestingly, the trend of a steepening of the ∆ MS–λRe

relation below the main sequence almost entirely disappears
(or is at least pushed towards higher distances from the main
sequence) when a linear fit to the main sequence is used.
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